Acute promyelocytic leukemia: recent advances in therapy and molecular basis of response to arsenic therapies.
While arsenic has long been known as a poison and environmental carcinogen, its dramatic effect in the treatment of acute promyelocytic leukemia (APL) has made its mechanism of action a topic of intense interest. This paper reviews recent findings that reveal why a traditional poison has become a magical potion for a major type of APL, which is characterized by a balanced chromosomal translocation t(15;17). Daily IV infusion of arsenic trioxide (As2O3; ATO) for 30 to 40 days can lead to complete remission in about 85% of patients with newly diagnosed or relapsed APL. Oral preparations of ATO and tetra-arsenic tetra-sulfide (As4S4) seem to be as effective as parenteral ATO, with similar toxicity profiles. The combination of all-trans retinoic acid and ATO in patients with newly diagnosed APL has yielded more durable remission than monotherapy. The mechanism of arsenic cytotoxicity is thought to involve posttranslational modification followed by degradation of the PML-retinoic acid receptor-alpha (PML-RARalpha) fusion protein; targeting of PML to nuclear bodies with restoration of its physiologic functions; and production of reactive oxygen species (ROS) by NADPH oxidase in leukemic cells or collapse of the mitochondrial transmembrane potential. The understanding of arsenic cytotoxicity has stimulated modifications that promise to improve efficacy, such as interfering with ROS scavenging or boosting of ROS production to enhance the cytotoxicity, and adding cAMP or interferons to ATO regimens. Recent advances in the clinical use of arsenic, the mechanism of arsenic-mediated cytotoxicity, and modulations of ATO to increase its efficacy and expand its clinical spectrum are reviewed.